Abstract
Rescaled birth-and-death process
ulation is at a state z = (z 1 , z 2 , z 3 ), the birth rates K i (z) for all i 2 {1, 2, 3} model sexual
145
Mendelian reproduction either by self-fertilization (with probability ↵) or by random mat-146 ing (with probability 1 ↵).
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2 ) 2 n . mortality can be natural or due to competition with other individuals (therefore allowing for density-dependence and limiting population size). Here we assume that death rates do 154 not depend on genotypes, in order to focus on a small number of parameters (but see [11] 155
for a more general model). If the population is at a state z = (z 1 , z 2 , z 3 ), the rate µ K i (z)
156
at which an individual with genotype i dies in the population is then given by:
The demographic parameters b K , d K and c K are scaled both by K and a parameter
162
, the latter scaling the speed with which births and deaths occur, giving:
and
The parameters and h are respectively the selection and dominance coe cients of 165 allele a, and ⇢ is the population growth rate in the absence of selection.
166
Note that in this model, we do not directly consider population size (number of individ-167 uals), but population mass, defined as N K t = Z Let us set for all K 1 and all t 0,
Note that in a pure random mating context (↵ = 0), and if the quantity 
where X K t is the proportion of allele a in the population, and the coe cient of in-
We can prove following [10] (N t , X t ) t 0 whose equation can be written as:
where (B The change in population mass given in Equation (2a) is made up of a stochastic term
232
(dependent on dB 1 t ) and a deterministic one (dependent on dt). In this di↵usion model 233 with selection and self-fertilization, the probability of extinction is equal to 1. The law of 234 the time to extinction depends on the ecological and genetic parameters. In the neutral 235 case where = 0, Equation (2) can be simplified the following way:
Here population mass is independent of its genetic composition and the deterministic 237 term of Equation (3a) cancels out when N t = K where
is defined as the population's carrying capacity. Note that K does not represent the 239 number of individuals that can be sustained in the population (since N t is scaled by K 240 which goes to infinity) but is an indicator of the amplitude of demographic stochasticity,
241
as will be shown below. When population mass is smaller (resp. larger) than K, it will 242 tend to increase (resp. decrease). For a fixed value of K, if ⇢ is large, then the population 243 mass will remain close to K, whereas for small values of ⇢ the mass will tend to deviate 244 further from K (see Figure 1 ). The smaller ⇢ the slower the population mass will come 245 back to its pseudo equilibrium K; therefore a small value of ⇢ can have an important 246 impact on extinction, as can be seen in Figure 1 (black lines). The role of K on population 247 mass dynamics is not as straightforward since N t is implicated in both the stochastic and 248 deterministic terms (therefore both terms are increased when K increases). In Figure 1 
249
we also see that the e↵ect of ⇢ on demographic stochasticity is weaker when K is smaller. at all time satisfies
Here N e represents the e↵ective population mass of a self-fertilizing population (as de- 
262
In order to calibrate N e appropriately, it is not enough for the probability of fixation to 263 be the same in both models, as in the neutral case the fixation probability of an allele a 264 is simply equal to its initial proportion. Therefore, we choose to calibrate N e such that 265 the mean absorption time (mean time to fixation of one of the two alleles) is the same in 266 both models. From Appendix A, N e is defined as:
where E(V ) represents the expectation of a stochastic variable V and T abs the random 268 absorption time of the population modeled by Equation (3). Note that
not the expectation of the empirical harmonic mean of the mass till absorption, which
, but the ratio of two expectations (the di↵erence between the two is 
Figure 2: Mean times to absorption (left) and fixation (right) of a neutral allele ( = 0) as a function of the initial frequency X 0 of allele a, for three cases: 1) Simulations of the stochastic di↵usion process (2) (squares), 2) Simulations of the Wright-Fisher di↵usion using N e defined in Equation (6) (circles) and 3) Theoretical approximations provided by [2] using N e (triangles). Here we considered pure random mating (↵ = 0), the carrying capacity K = 1 and the growth rate ⇢ equals 0.1 (black) or 10 (grey).
of an allele at initial frequency X 0 . Indeed we find that mean fixation times of minority and fixed sizes can be explained by the incidence of bottlenecks and extinction events, 295 which is further accentuated by a small value of ⇢. This is because a low growth rate 296 results in a weaker impact of the deterministic forces regulating population mass (Equation
297
(3)), further increasing demographic stochasticity. Indeed, large demographic fluctuations 298 eventually lead to reduced population mass harmonic means, for which absorption is more 299 rapid and fixation of minority alleles is favored (Figure 4 ).
300
As seen in Section 3.1, we can also consider that population mass changes drastically 3.1 (Figure 1 (bottom) ), and we start with a proportion X = 0.1 of a neutral allele a. In this section we introduce selection through the parameter in Equation (2). As men- population mass dynamics (see Figure 6 with selection for a beneficial allele). In order to understand and quantify the consequences of feedback of genetics on de-330 mography, it is natural to artificially remove all terms dependent on in Equation (2a),
331
hence removing any impact of changes in proportion on the dynamics of population mass.
More precisely, let us for simplicity assume that F = 0, h = 1/2, and let us consider the 333 following di↵usion process (N (NF ) t , X (NF ) t ) t 0 ("NF" standing for "No Feed-back"):
For this model without feedback, we obtain that it is possible to calibrate a Wright-
335
Fisher di↵usion with selection, using Equation (6) with
, so that the mean 336 time to absorption and the probability of fixation are the same in both models (Figure 8 ).
337
In the presence of feed-back (Equation (2)), though we generally find that for large K, large
338
⇢ and/or weak selection, the proposed N e (Equation (5) with the rate of self-fertilization ↵. We also find as previously predicted that the times to 360 fixation decrease with increasing ↵. In all other aspects we find the same patterns as for 361 the case without self-fertilization (↵ = 0). found that past historical demographic disturbances were less explicative than life-history 399 strategies concerning contemporary genetic diversity. Malthusian fitness, which is defined as the growth rate of the population size. With this 420 definition, fitness for our logistic birth-and-death model can be defined by the quantity 
for a given real number N e , and let us define the time changed di↵usion process (Ñ t ,X t ) t 0 =
491
(N (⌧ t ), X(⌧ t )) t 0 . From this equation and Equation (9) we can, in a neutral case, provide a definition of the e↵ective population mass in our model, defined as the e↵ective population mass of a Wright-Fisher di↵usion whose mean absorption time is the same than for our di↵usion model with stochastically varying mass. Indeed from Equation Note that using the more widely used harmonic mean of population mass so as to 495 describe N e results in over-estimations fo N e (Figure A.1 ).
496
Note also that in the non-neutral case this change of time to obtain a Wright-Fisher 
